\ 


Taj 133 S' 

NATIONAL ADVISORY COMMITTEE 
FOR AERONAUXICS 


TECHNICAL NOTE 
No. 1335 


THE LOCAL BUCKLING STRENGTH OF LIPPED Z -COLUMNS 

WITH SMALL LIP WIDTH 

By Pai C. Hu and James C. McCulloch 

Langley Memorial Aeronautical Laboratory 
Langley Field, Va. 



Washington 
June 1947 


ttPRODUCEO 8V 

infor^^ation“s^^^ 



NATIONAL ALVISOHy COMMETTEE FOR /JSRONAUTICS 


TECHtHC.U. NOTE NO. 1335 


TEE LOC/J, BUCKLING STRENGTH OF LIPPED Z- -C0IM'1HB 
^^TH SMALL UP WIDTH 
By Pai C. Hu and Jamea C. McCullocla 




A method is presented for calculating the local hiickling 
strength of lipped Z— colimms with small lip width, and seme experi- 
mental data are presented showing the agreement between theoretical 
and experimental results . 


INTRODUCTION 


For the construction of stiffened compression panels, Z—aection 
stiffeners are frequently used. For the ca3.culation of the local 
brickling strength of these compression panels, a method employing 
some of the principles of moment distribution is in oemmon use. The 
critical stresses calculated bj'’ this method agree well with experi- 
mental critical stresses for most dimension ratios. If, however, 
the flange width is vei^;’ small as compared to the web width, this 
method breaks down and the experiraental critical sti'esses fall below 
the theoretical values. As a consequence, a different theorj' must 
be developed to cover these proportions. 

Figure 1 shows a Z~stiffened panel. One stiffener can be 
reversed, as indicated in the figure, without affecting the local 
buckling strength of the panel. If this stiffener is reversed, a 
section similar to a lipped Z-column is obtained. Since the physical 
action of the lipped Z— coluuin. is similar to action o:. the Z-'-stifiened 
panel and the cost of the lipped Z-colvmn specimens is less than that 
of Z— stiffened panels, testa were made of lipped Z-columns in order 
that the theory presented herein may be reasonablj^ substantiated 
before it is applied to Z-- stiffened panels with narrow flanges. 
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SYM 80 IS 


Cbt 


Cip 

D 


E 

G 

J 






torsion-l)ending constant, dependent upon location of axis 
of rotation and dimensions of cross section, inches® 

major pai't of Cgip 


minor part of Cgip 
flexural stiffness of plate 



modulus of elasticity, hsi 


shear modulus of elasticity, ksi 


polar moment of inertia of lip-flange ci’oss section about 
axis of rotation, inches^ 

torsion constant for lip— flange section, inches^"^ 

(Product GJ in torsion problems is analogous to 
product El in bending problems) 

stiffness in moment distribution analysis for far edge 
supported and subjected to sinusoidally distributed 
moment equal and opposite to moment applied at near 
edge 

stiffness in moment distx’ibution analysis for far edge 
not supported but elastically restrained against 
rotation and deflection 


nondimensional coefficient used in plate— buckling formula 


b^ vidth of lip, inches 


bp width of flange, inches 

by width of web, inches 


t thickness of plate, inches 

critical compressive stress, ksi 
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X half wave length of buckles In longitudinal direction, 

inches 

Ti nondlmensional coefficient for plates which accounts for 

decrease of modulus 'bej'’ond elastic range; it also is 
influenced by slight discrepancies between actual 
specimen tested and idealized specimen for which 
calculated strength is made 

T nondimens ional coefficient for columns corresponding 

to r| for plates 


Subscripts; 

F flange 

L lip 

W web 


TEEOia’ 


Observations of tests of lipped Zr-columns show that one type of 
buckling occiirs when the lip width is large and another type when the 
lip width is very small. Figure 2 shows the two types of buckling. 
When the lip width is iarge there is only rotation of all the Joints, 
When the lip width is very small, however, there is a combination of 
rotation of all the joints and deflection of the lip-flange joints. 
Since in the method of moment distribution, the assumption is made 
that no deflection of the joints occiirs, it is apparent that the 
method is not applicable when the lip width is small. A method of 
solution must consequently be used which takes into account deflection 
as well as I'otation of the joints. 

The present method for small lip widths considers the lipped 
Z-column as consisting of three structural units - the web and a pair 
of lip-flange combinations. The lip-flange joint is thus allowed to 
deflect as well as to rotate. The buckling load is then obtained 
from the criterion that the srtm of the stiffnesses of the two plates 
joined along a common edge must be zero; 


,IV 


web 


+ S’ 


flange 


( 1 ) 


h 
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This criterion is identical with the neutral-stahility criterion of 
reference 1. 


AssmrPTioie 


For the calculation of the local hucklin^ strength of the 
lipped Z.-colmnn with small l?'.p width the following asoimptions 
were made : 

(1) The actual crosrs section, which may have rounded comers, 

can he replaced hy an idealized cross- -section as shown 
in figure 1 

(2) The lip-“flnn<ge comhination rotates about an axis which is 

the intersection oi the flange and web of the column 

(3) All the aasumpt'ions of the torsion- -bending theory 

associated with the torsion -bending constant Cgij 

(references 2 and 3) are used 

( 4 ) The types of deformtion oho^m in figui-'es 2(a) and 2(b) 

occ'.ir independently of each other since the3'' are of 
apprecir.bly different wave lengths 

An additional as'nmiption is nocessaiy when the buckling stresses 
are in the plastic range : 

(u) The plastic effects are approximately accounted for by 

using values of u, and t given in references -i to 9 

MdOHOD Ox'' SOnJTT.OE 


For a solution of the pmbleiii of determining local buckling 
ati’ength, the lipped A -coluini is considered as three structural 
units -- the web and a -pair of lip--f3_ange ccaibinations . The stiff- 
nesses of all three stmctural units at the intersections of the web 
an.d flanges o,re corngruted for several assumed values of wave length 
aicd buckliig stress. With those stiffnesses known, the criterion 
of zero total stiffness at the two common intersections (eq,uation (1)) 
can be applied. Thus, by a system of trial calculations and inter- 
polations, the critical bucklijig stress of the plate assembly 
is obtained. 
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Stiffness of the V^et 

Since the two lip-flange combinations are similar, the weh is 
a plate with the far edge supported and subjected to sinusoidally 
distributed moments eq^iial and opposite to the moments applied at the 

near edge. The stiffness of the web can therefore be obtained 

frcm the stiffness tables of reference 10, 


Stiffness of the Lip- -Flange Catfoination 

For tho stiffness of the lip-flange combination, two types of 
stiffness must be considered; (l) the stiffness against cross- 
sectional deformation (fig. 2 (a)) and (2) the stiffness against 
lateral deflections of the lips (fig. 2(b)). Inasmiich as the wave 
lengths of these two types of defoimatlon are appreciably different, 
the deformations are assumed to occur independently of each other as 
already mentioned in the list of as.nmiptions. It is therefore 
necessarj’’ to use onl;'' that type of stiffness for the lip—flange 
combination in the eq.uation (l) which gives the lower critical stress. 

The first type of stiffness -- that is, stiffness against cross- 
sectional deformation - can be calculated by the method of moment 
distribution araong the p3.ate elements in which no deflection of the 
joints is assimied. 

. The second type of stiffness - that is, stiffness against 
latere.1 deflections of the lips — can be ca3.crilated from the formula 


\r a 

flange" ~ o \cr 


T 


- GJ - 

P 


T 



7;^ c 

/\2 



( 2 ) 


which is taken from refei-ence 11. The coefficients x\ and t 
take into account the reduction of Youxig's modulus E when the 
material of the colirtmi is .loaded beyond the elastic range. Values 
of T) and T can be obtained for assumed va3-ues of critical stress 
from the cuitss for various aircraft structural matea-ials given in 
references 4 to 9. The coef:ficient Cgip consists of a major part 

Cg and a minor part Cp (reference 2 or 3). For the case of the 

lipped Z.-column with a definite lip, the minor part. 


= “gbp3tp3 -^bL3tL3 


is small as compared with tho major paort Cg and can be neglected 
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A lower limit for the major part Cg can he calculated by assT-tming 

the lip-flange combination free to slide along the web, for which 
case the formula, as derived by the methods of reference 3 ^ is 





( 3 ) 


An upper limit for Cg may be calculated by assuming the lip— flange 

combination fixed in the longitudinal direction at the intersection 
with the web. For th;’ s case, the method of reference 3 must be 
changed to make the longitudinal displacementa of the flange zero. 
The following equation is then obtained: 


The two formui.as (3) and (h) represent the limiting cases for 
Cg, that is, the flange- web Joint free to slide and the flange-web 
Joint fixed. The true conditioii will be an inteniiediate value. 

Since there is but little difference in the c:citical stresses calcu- 
lated by the use of the two coefficients (formulas (3) and ('i)) and 
since formula (5) gives the more conservative values, it is 
recommended for use. 


Numerical Example 

An example is given in the appendix to demonstrate the appli- 
cation of this method. The local buckling strength is calculated 

for lipped S-column of ™ O.7, 0,3, and ~ S: 29 for each 

Dp "t 

type of deformation shoTO in fig-ares 2(a) and 2(b), 


COMPAEI 30 N BETl-ffiEK TIIEiOHETICAL AIC 


EXEERTMENTAL CPJTICAL STRESSES 


A comparlvson between theoretical and experimental critical 
stresses is shown in figure 3, The theoretical values calculated by 
the method of moment distribution are shown as the dotted line. 
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The theoretical values calculated hy the method of the present 
paper by use of the limiting assimptions for Cg are shown as the 
two solid lines. These two curves bracket most of the experimental 
values obtained from plate-buckling tests of foxmed lipped Z--coli^inns 
of 2^{S-T sheet material as shown by the circled test points. From 
this figiire, it is coriCluded that theoretical critical stresses 
that agree well with experimental critical stresses caix be calculated 
for all lip widths. 


Langley Memorial Aeronautical Laboratory 

National Advisory Gomaittee for Aeronautics 
Langley Field, Va. April 17', 19^7 


8 


KACA TK No. 1335 


APrENDIX 

FJMENICAL EXAMPIE 


It is desired to calcu 3 .ate the local 'buchling strength of a 
lipped Z-Golnmn, formed from 2iiS— T sheet material, of the following 
dimensions: 

= 0.71 inch 
hp = 2,52 inches 
bj.; = 3.62 inches 
t = C ,126 inch 

With these dimensions known, the values of Ip, J, and Cg are 
calculated 


-p = + ■^L'^F^^t = 1.2552 inches^ 


J = -i(bL + bF)t 3 = 0.002154 inches 
3 V 

Cb = Y2^L^bF^t 


,.,4 


4 ^ , 

— * = O.O8OT inches^ 


1 + 


h 

bp/ 


The approximate equation for J is obtained from page 243 of 
reference 12, 

The numerical computations ai-e given in table I. The values 
in columns 1 and 2 are assumed. The values of oo.lumn 3 which aro 
trial elastic buckling stresses aro calculated from the formula 


iSii . 1, 

11. o 

byjr t 


(Al) 
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With these trial elastic buckling stresses known, the values of 
column 4, which are trial buck3.1ng stresses, can be obtained from 
reference ‘4, With coluam 4 known, the values of and t, 

(columns 5 and 6) can be obtained from refeiences 4 and 7, respec- 
tively, It will be noted tliat t is taken for extruded material. 

It is considered that fomed columns of the proportions of this 
specimen have material properties nearer to those of extruded 
material than to those of thin strip material since fonning tends 
to increase the yield strength. 

Column 7^ ■which gives vali;es fox- the stiffness of the lip- 
flange combination, is calculated by foxTnula (2), The stiffness 
coefficients for the web, col’amn c, are obtained from reference 10. 
The valu.es of co.lumn 9 are the stiffnesses of the web at either edge, 
and column 10 is the total stiffness of all the members intersecting 
at one edge of the web. 

By graphical interpolation for each assumed value of ^ 

(column 1), the value of k\f is obtained for which the total 
stiffness of the joint considex'’ed is zero. These values of ky are 
shown in column 11, Also by graphical intexpiolation the minimum 
value of ky is obtained. Figure 4 shows this intei'polation for the 
minimum value of kyj. With this minimum value of ky = 3»99 ai^d 
equation (Al), the elastic buckling .stress is calculated as 

5s.r = 16.7 icsi • 

and from I’aferenco 4 

"^cr “ 39*0 ksi 

The foregoing example was computed bj'- use of the stiffness 
against lateral deflections of the lips. It is also necessary to 
consider the stiffness against ci-oss-sectlonal defoxmation. This 
stiffness is considered when the method of moment distribution among 
the plate elements is used and no deflection of the joined edges is 
assumed. The computations are not included herein since the method 
is already in general use (reference l). The relationship 

between Ccr and of reference 4 is iTsed to account fox- the 

*n 

plasticity effects. The critical stress calculated by the method of 
moment diatibution is 


cfcr = ^'-5.0 ksi 

Of the two types of bi\ckling considex'ed, the type occurring at 
the lower slx-ess (39.0 ksi) is the type to bo expected. 
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T)\BLE I 

ILUJSTRATIOH OF COMHJTATIOIE FOE 
KUMEEICAL EXAMPLE 
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Fig. 1 




Figure 2.- Buckling configurations. 



Fig. 3 









